experimental design used was a completely randomized design. While weight gain (p = 0.038) and feed conversion ratio (p = 0.024) improved when GAA added at 1.5 g/ kg, higher supplementation (2.25 g/kg) deteriorated these responses. These responses, however, were significantly restored by using CoQ 10 , TAU or their combination. Abdominal fat deposition was significantly decreased when TAU added to broiler diets by virtue of upregulating peroxisome proliferator-activated receptor alpha. Supplementing broiler diets with CoQ 10 and TAU or their combination significantly decrease ascites mortality. In conclusion, CoQ 10 and TAU have shown beneficial effects when high level of GAA included in broiler diets.
K E Y W O R D S
ascites, chicken, glycocyamine, taurine, ubiquinol & Faraji, 2013) . Nevertheless, the pricy supplement of ARG is not available as a feed grade additive in the market (Khajali & Wideman, 2010 . Recently, attempts have been made to substitute GAA for ARG DeGroote, Braun, & Dilger, 2018) . Ahmadipour, Zafari Naeini, Sharifi, and Khajali (2018) evaluated the response of broiler chickens to dietary GAA ranging from 0 to 2 g/kg. They found that the bird's response to GAA was curvilinear and tended to level off beyond 1.5 g/kg. The high dose of GAA (2 g/kg) resulted in a poor growth performance but such impaired performance remained unexplained. We supposed that high doses of GAA may compromise bird's antioxidant system or it could limit cellular capacity of methyl donation at such circumstance. The present study was designed to address these objectives by evaluating the response of broilers to GAA supplement with dosages ranged from 0 to 2.25 g/kg. At the highest increment, CoQ 10 (ubiquinol), an antioxidant, taurine (TAU), a methyl donor, or their combination was also considered.
| MATERIAL S AND ME THODS

| Birds and experimental facility
The experiment was carried out in the Poultry Research Center of Shahrekord University, Shahrekord, Iran, with an altitude of 2,100 m.
All procedures were in accordance with the guidelines approved by the Ethical Committee of Shahrekord University Research Council.
A number of 420 uniform broiler chicks (Cobb 500) were selected from a population of 600-day-old male broilers. The selected chicks were randomly distributed across 35 litter pens measuring 1.8 m 2 (12 birds per pen) so that all pens had similar initial weights.
Five such pens were randomly assigned to each treatment. Birds reared on floor pens from 1 to 40 days of age and had free access to feed and water and exposed to 23L:1D lighting schedule throughout the trial.
| Treatments
A series of commercial diets was prepared according to the Cobb 500 recommendations for broiler chickens (Table 1) . These basal diets were regarded as the control. Treatment groups were prepared by supplementing GAA, CoQ 10 and TAU to the basal diets as detailed in Table 2 . GAA was supplemented at 0 (in the control), 0.75, 1.5 and 2.25 g/kg. Three additional diets were prepared by adding CoQ 10 (40 mg/kg), TAU (40 mg/kg) or their combination to the 2.25 g/kg GAA group. All diets had similar metabolizable energy and protein and offered in mash form.
| Measurements
Body weight and feed intake were recorded and feed conversion ratio (FCR) calculated for the entire period (1-40 days of age). At the end of trial (40 days of age), 10 birds per treatment were selected to collect blood samples (~3 ml) from the brachial vein. An aliquot of blood was smeared on glass slides for the determination of differential leukocyte count according to the May-Grunwald and Giemsa staining (Lucas & Jamroz, 1961) . Blood samples were centrifuged at 2,500 g for 10 min to separate serum for the determination of nitric oxide (NO), malondialdehyde (MDA) and creatinine.
NO (nitrate + nitrite) was measured according to Behrooj, Khajali, and Hassanpour (2012) . MDA concentration, a biomarker of lipid peroxidation, was assayed by the method of Nair and Turner (1984) .
Creatinine was measured by a laboratory kit (Cayman Chemical;
Item #700460). All birds were sacrificed by CO 2 euthanasia for the purpose of carcass processing. Weights of live body, breast, heart, spleen, bursa of Fabricius and abdominal fat were recorded. The hearts were further dissected to obtain the right ventricular-to-total ventricular weight ratio (RV:TV) as an index of right ventricular hypertrophy. Mortality from ascites was checked daily throughout the trial and whenever the RV:TV was >0.29 considered as ascites (Ahmadipour et al., 2015) .
| Quantitative real-time PCR analysis
The livers were homogenized in a digestion buffer and treated with Data were analysed using linRegPCR software version 2012.0 (Amsterdam, the Netherlands) to obtain the threshold cycle number and reaction efficiency (Ruijter et al., 2009 ). Relative transcript levels and fold changes in transcript abundance were calculated using efficiency-adjusted Paffl methodology (Dorak, 2006) .
| Statistical analysis
The ANOVA procedure of SAS Institute (2007) software was adopted to analyse the data in a completely randomized design. Treatment means were separated by the Duncan's multiple range test.
TA B L E 2
The treatment layout used in the broiler trial from 1 to 40 days Means in the same raw with different superscripts are significantly different.
| RE SULTS
Broiler growth performance as influenced by GAA, CoQ 10 and TAU is shown in MDA and haematocrit were decreased relative to the control when GAA included at 1.5 g/kg or higher. The ratio of heterophils to lymphocytes (H:L) tended to decline by GAA supplementation but only significantly reduced at 1.5 g/kg and 2.25 g/kg GAA + 40 mg/kg
CoQ 10 + 40 mg/kg TAU.
The effects of GAA supplementation on carcass characteristics of broiler chickens are shown in Table 6 . While dietary supplements had no effect on breast, bursa and spleen yields, heart size and the right ventricular hypertrophy index (RV:TV) were significantly decreased by 2.25 g/kg GAA + 40 mg/kg CoQ 10 + 40 mg/kg TAU group. GAA supplementation at 2.25 g/kg in tandem with CoQ 10 or TAU reduced the liver size and abdominal fat deposition relative to the control, respectively. Cumulative ascites mortality was significantly (p = 0.022) reduced when GAA added at 1.5 g/kg. When GAA included in diet beyond 1.5 g/kg, ascites mortality tended to increase even higher than that of the control. In the interim, adding CoQ 10 and TAU or their combination effectively restored the situation so that these treatments had the lowest mortality throughout the trial. Table 7 depicts 
| D ISCUSS I ON
An improvement in body weight gain and FCR by dietary GAA when supplemented at 1.5 g/kg was in line with Ahmadipour, Zafari Naeini, et al. (2018) . Growth efficiency improvements may account for regulating the phosphocreatine/creatine kinase (PCr-CK) system by GAA. The PCr-CK system plays a vital role in cellular energy metabolism through ATP regeneration (Wallimann, Tokarska-Schlattner, & Schlattner, 2011) . Furthermore, GAA could play a spare action with ARG and allowed this amino acid to further become available for biosynthesis of growth-promoting polyamines including putrescine, spermidine and spermine (Dilger et al., 2013; Michiels et al., 2012) .
These polyamines have several anabolic functions including cellular biosynthesis of nucleic acids and proteins (Khajali & Wideman, 2010) . It is worth noting that adding GAA beyond 1.5 g/kg reduced the growth performance of broilers so that the difference between 1.5 and 2.25 g/kg GAA groups was significant. This observation was in agreement with the finding of Ahmadipour, Zafari Naeini, et al. (2018) , who reported a curvilinear response to GAA. These authors, however, made no explanation on how high doses of GAA could reduce the growth performance. In the present study, we pre- A significant increase in serum NO when GAA supplied at 1.5 g/ kg further confirms its sparing action with ARG, as previously reported . Arginine is the substrate in the biosynthetic reaction of NO (Khajali & Wideman, 2010) . Dilger et al. (2013) efficiently replaced GAA for ARG in broiler nutrition.
They indicated that GAA could elicit greater response when added to ARG-deficit diets. Serum MDA concentration was decreased in all GAA-received groups except for the high dose (2.25 g/kg). This is because GAA boosts the activity of superoxide dismutase (SOD) when used at low levels. Ostojic, Stojanovic, and Olcina (2015) indicated that circulatory SOD activity significantly increased by administering GAA relative to the placebo. A high dose of GAA, however, could stimulate the generation of reactive oxygen species in body and might reduce non-enzymatic antioxidant capacity (Mori, Kohno, Masumizu, Noda, & Packer, 1996; Zugno et al., 2008) . This explains the positive response in terms of growth performance and serum MDA concentration when CoQ 10 added at high GAA level.
Interestingly, the addition of TAU at high GAA level could also improve these responses, which suggests a need for a methyl donor source in such situation. There were no significant differences between dietary treatments in terms of serum creatinine concentration. The heterophils-to-lymphocytes ratio (H:L) in birds received GAA was in a similar range. However, the H:L ratio was only significantly decreased compared to the control when GAA added at 1.5 g/kg or GAA at 2.25 g/kg plus CoQ 10 and TAU. This means that birds on these diets experienced lower stress as the H:L ratio is a reliable index of stress in birds (Khajali, Karimi, & Qujeq, 2008) .
Abdominal fat deposition was significantly decreased when TAU added to broiler diets. This finding is explained by upregulation of PPARA in TAU-received groups. Taurine has shown to restore fatty acid oxidation by increasing PPARA levels (Schaffer, Shimada-Takaura, Jong, Ito, & Takahashi, 2016) . PPARA is a major regulator of lipid metabolism in the liver and intensifies the catabolism of fatty acids. In line with our finding, Ramiah, Meng, and Ebrahimi (2015) reported an upregulation of PPARA by adding conjugated linoleic acid, an antihypertrophic agent.
Feeding CoQ 10 significantly decreased the heart size and the right ventricular-to-total ventricular weight ratio (RV:TV). These observations are in accordance with significantly lower mortality from ascites in these groups when compared to the control. The RV:TV ratio reflects right ventricular hypertrophy, which is caused by pulmonary hypertension in broiler chickens (Saki, Haghighat, & Khajali, 2013 ). The ascites mortality shows a declining trend up to 1.5 g/kg GAA followed by a spike at 2.25 g/kg GAA. In the interim, CoQ 10 alone or with combination of TAU plunged ascites mortality to levels even lower that the control. There is a great deal of evidence on the role of CoQ 10 in cardiometabolic disorders (Zozina, Covantev, Goroshko, Krasnykh, & Kukes, 2018) and pulmonary arterial hypertension (Sharp et al., 2014; Yousefi, Khajali, Hassanpour, & Khajali, 2013 ) through improved mitochondria function and enhanced NO production.
| CON CLUS ION
The present study confirms that high doses of GAA deteriorate ascites mortality in broiler chickens. This study also suggests that simultaneous use of CoQ 10 , and TAU, when a high level of GAA is used, significantly improves hypertensive response and decreases mortality from ascites.
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